Environmental and effluent monitoring at ANSTO sites: 2003-2004. by Hoffmann, EL et al.
Environmental and Effluent
Monitoring at ANSTO Sites
2003-2004
ANSTO / E-755 
Nuclear-based science benefiting all Australians
Environmental and Effluent Monitoring at ANSTO Sites, 2003-2004
Published by the Australian Nuclear Science and Technology Organisation, October 2004.
© Commonwealth of Australia 2004.
This work is copyright. Apart from any use as permitted under the Copyright Act 1968, no part may be
reproduced by any process without prior written permission from the Commonwealth available from the
Department of Communications, Information Technology and the Arts. Requests and enquiries concerning
reproduction and rights should be addressed to the Commonwealth Copyright Administration, Intellectual 
Property Branch, Department of Communications, Information Technology and the Arts, GPO Box 2154, 
Canberra ACT 2601 or posted at http://www.dcita.gov.au/cca.
ISSN 1030 7745
ISBN 1 920791 035
ANSTO Report No. ANSTO E-755 
Front Cover Gymea Lilies (Doryanthes excelsa), Heathcote Creek, Sydney, Australia.
Photography Dr John Ferris, ANSTO
Contact Details
ANSTO Australian Nuclear Science and Technology Organisation
New Illawarra Road, Lucas Heights, NSW, Australia
Postal Address Private Mail Bag 1
Menai NSW 2234, Australia
Telephone + 61 2 9717 3111
Facsimile + 61 2 9543 5097
Email enquiries@ansto.gov.au
Internet www.ansto.gov.au
Guided tours of the ANSTO site and laboratories are available to individuals, groups and schools at no cost. For
bookings and information call 02 9717 3111.
Environmental and Effluent Monitoring
at ANSTO Sites, 2003–2004
Emmy L Hoffmann, John M Ferris, Jennifer J Harrison, Tom Loosz
Abstract
This report presents the results of ANSTO’s environmental and effluent monitoring at the Lucas Heights
Science and Technology Centre (LHSTC) and the National Medical Cyclotron (NMC) sites, from July 2003
to June 2004. Effective doses to the critical group of members of the public potentially affected by routine
airborne emissions from the LHSTC were less than 0.004 mSv/year. This estimated maximum potential
dose is less than 20% of the ANSTO ALARA objective of 0.02 mSv/year and much lower than the public
dose limit of 1 mSv/year that is recommended by the Australian Radiation Protection and Nuclear Safety
Agency (ARPANSA). The effective doses to the critical group of members of the public potentially
exposed to routine liquid effluent releases from the LHSTC have been realistically estimated as a quarter
(or less) of the estimated doses to the critical group for airborne releases. The levels of tritium detected
in groundwater and stormwater at the LHSTC were less than the Australian Drinking Water Guidelines.
The airborne and liquid effluent emissions from the NMC were below the ARPANSA-approved notification
levels and NSW Department of Environment and Conservation limits, respectively. Results of
environmental monitoring at both ANSTO sites confirm that the facilities continue to be operated well
within regulatory limits. Members of the public are exposed to only very small doses of radiation from
ANSTO’s routine airborne and liquid effluent releases.
INIS Descriptors
The following descriptors have been selected from the INIS Thesaurus to describe the subject matter of
this report for information retrieval purposes. For further details please refer to IAEA-INIS-12 (INIS Manual
for Indexing) and IAEA-INIS-13 (INIS Thesaurus) published in Vienna by the International Atomic Energy
Agency. Airborne Particulates, Algae, Alpha Decay Radioisotopes, Alpha Particles, ANSTO, Argon-41,
Arsenic-76, Australia, Beryllium-7, Bromine-82, Cerium-144, Caesium-134, Caesium-137, Chromium-51,
Cobalt-57, Cobalt-60, Contamination, Cyclotrons, Dose-Constraint, Dose Limits, Drinking Water,
Environmental Exposure Pathway, Environmental Impacts, Fishes, Fission Product Release, Fluorine-18,
Gallium-67, Gaseous Wastes, Ground Water, Iodine-123, Iodine-131, Iodine-132, Iodine-133, Krypton-
85m, Lead-201, Lead-210, Liquid Wastes, Mercury-197, Mercury-203, Molybdenum-99 Niobium-95,
Noble Gases, Public Health, Radiation Doses, Radiation Monitoring, Radioactive Effluents, Radium-226,
Radium-228, Ruthenium-103, Ruthenium-106, Sampling, Seawater, Sediments, Soils, Stack Disposal,
Standards, Strontium-90, Surface Waters, Thallium-201, Thallium-202, Thermoluminescent Dosimetry,
Tritium, Uranium-238, Water Quality, Wind, Xenon-133, Xenon-135, Xenon-135m, Zinc-65, Zirconium-95.
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1. Introduction
The Australian Nuclear Science and Technology Organisation (ANSTO) operates several national
facilities, including Australia’s research reactor, HIFAR (the High Flux Australian Reactor),
produces radioisotopes and radiopharmaceuticals and carries out research in nuclear science
and technology. ANSTO is an agency of the Commonwealth Government of Australia. Most of the
ANSTO facilities are located at the Lucas Heights Science and Technology Centre (LHSTC),
some 40 km south-west of the Sydney city centre. The LHSTC occupies 70 hectares and is
surrounded by a 1.6 km diameter buffer zone (Figure 1, see section 5). ANSTO also operates the
National Medical Cyclotron (NMC), located in Camperdown, Sydney, to produce certain short-
lived radioisotopes for medical investigations. ANSTO’s activities are regulated by the Australian
Radiation Protection and Nuclear Safety Agency (ARPANSA) under the Australian Radiation
Protection and Nuclear Safety Act 1998.
ANSTO is committed to undertaking its activities in a manner that protects the environment and
is consistent with national and international standards. ANSTO promotes environmental
awareness throughout all levels of the organisation, and strives for continual improvement in
environmental performance. As part of its commitment to environmental protection, ANSTO is
implementing an Environmental Management System (EMS) that gained certification to the
international standard ISO14001 in 2004. The program for achieving the EMS objectives is
documented in a series of Environmental Management Plans (EMPs), which cover airborne
emissions, radioactive wastes, surface waters, groundwater, resource usage and management of
the Little Forest Burial Ground (LFBG). ANSTO provides verifiable evidence of its environmental
performance through an audited program of environmental monitoring, and publication of these
results in this report and others in the annual Environmental and Effluent Monitoring series. 
This report summarises the results from the environmental and effluent monitoring carried out at
the LHSTC and the NMC from July 2003 to June 2004, and assesses the potential effects of
radioactive discharges, with particular emphasis on local residents. Data published in previous
years are publicly available either from the Sutherland Shire Central Library or by request from
ANSTO’s Communications Manager.
2. ANSTO Facilities
2.1 HIFAR
The HIFAR research reactor produces radioisotopes for medical and industrial use and employs
neutrons for research applications. HIFAR is authorised by ARPANSA to release low levels of
radionuclides to the atmosphere via stacks. The main radionuclides are tritium and argon-41 (a
noble gas). There are also small quantities of iodine-131, arsenic-76, bromine-82, mercury-197
and mercury-203. The tritium occurs as tritiated water vapour that can exchange with rainwater,
resulting in the presence of tritium in local surface waters and groundwater at concentrations
somewhat above the normal background for Australian waters. Low-level liquid waste is treated
and discharged via the Sydney Water Corporation sewer under the terms of a trade wastewater
agreement.  
2.2 RADIOISOTOPE PRODUCTION
The production of radioisotopes for medical and industrial use by ANSTO Radiopharmaceuticals
and Industrials (ARI) results in the release of small quantities of radionuclides to the environment
from the LHSTC. ARPANSA regulates the atmospheric releases of radionuclides including iodine-
131, xenon-133, xenon-135 and krypton-85 from stacks in the radioisotope and
radiopharmaceutical production area at the LHSTC. Low-level liquid waste is treated and
discharged via the Sydney Water Corporation sewer under the terms of a trade wastewater
agreement. 
2.3 NATIONAL MEDICAL CYCLOTRON
ANSTO also manufactures radiopharmaceuticals at the NMC (Camperdown, Sydney). The major
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radiopharmaceutical products made at the NMC in 2003-04 were thallium-201, gallium-67,
iodine-123 and fluorine-18, all of which have relatively short half-lives ranging from minutes to
hours. The radionuclides that may be present in liquid effluent produced by the NMC include
thallium-201, thallium-202, gallium-67, cobalt-57, zinc-65, iodine-123, lead-201 and fluorine-18.
However, a system of delayed liquid effluent releases allows the radionuclides to decay
significantly prior to being released to the sewer; consequently, lead-201 (half-life 9.3 hours) and
fluorine-18 (half-life 110 minutes) are not usually detectable in the effluent.
Atmospheric emissions of iodine-123, fluorine-18, thallium-201 and gallium-67 from the NMC are
regulated by ARPANSA under the ANSTO Airborne Radioactivity Discharge Authorisation. The
liquid waste discharges from the NMC to the sewer are covered by a trade wastewater agreement
with Sydney Water Corporation that incorporates limits set by the New South Wales Department
of Environment and Conservation (DEC, formerly the NSW Environment Protection Authority, EPA)
for specific radionuclides in the discharges. 
2.4 LIQUID EFFLUENT TREATMENT
Liquid effluent from the LHSTC is analysed and discharged via ANSTO’s Main Discharge Pipeline
(MDP, indicated on Figure 2, see section 5) to the Sydney Water Corporation sewer. The MDP is
regularly inspected and maintained by ANSTO personnel. The effluent contains low levels of
radionuclides, mainly tritium, and also cobalt-60, chromium-51, caesium-137, iodine-131, radium-
226, and occasionally cerium-144 and caesium-134.
The annual volume of effluent discharged is typically 80,000 to 100,000 m3/year; comprising
approximately 50% sewage, 45% non-active trade waste effluent and 5% low-level active
wastewater from laboratories where radioactive materials are routinely handled. The low-level
active effluent undergoes an alum-based chemical treatment process for the removal of
radionuclides. The trade wastewater is tested and chemically treated if necessary. Sewage is
partially treated by aeration on-site. The three liquid waste streams are combined in holding tanks
and tested for radioactive content and specified non-radiological water-quality parameters prior
to discharge to the sewer. Sewage from the Sutherland Shire, including ANSTO’s effluent, is
tertiary-treated at the Cronulla Sewage Treatment Plant (STP) before being released to the sea at
the Potter Point ocean outfall (shown on Figure 1, inset, see section 5).
2.5 LITTLE FOREST BURIAL GROUND
Between 1960 and 1968, the Australian Atomic Energy Commission (AAEC, the precursor to
ANSTO) used a small area locally known as Little Forest (Figure 1, see section 5) for the disposal,
by burial, of solid waste with low levels of radioactivity and of beryllium oxide (non-radioactive) that
was generated predominantly at the LHSTC. Routine maintenance of the LFBG includes regularly
mowing the grass and filling any shallow depressions in the trench area with clay/shale of local
origin. Regular surveillance and monitoring of the LFBG is designed to detect any off-site transport
of radionuclides by windborne transport of soil particles or in surface waters or groundwater. 
3. Regulatory and Legal Framework
The Australian Nuclear Science and Technology Organisation (ANSTO) was formed in 1987 and
is a Commonwealth Government Statutory Authority. It superseded the AAEC, which originated in
1953. In accordance with Section 7A of the Australian Nuclear Science and Technology
Organisation Act 1987, ANSTO is exempt from the application of State laws where those laws
relate to the use of land, environmental consequences of the activities of ANSTO, radioactive
materials and dangerous goods, or certain types of licensing. Notwithstanding this, ANSTO has
a policy of satisfying relevant NSW statutory requirements, where no Commonwealth legislation
exists. Key legislative and regulatory requirements at ANSTO facilities in relation to environmental
protection are summarised in Table A. 
ANSTO reports to ARPANSA under an Airborne Radioactive Discharge Authorisation that
incorporates a multi-layer system of radiological protection, designed to ensure that doses to the
public are kept As Low As Reasonably Achievable (the ALARA principle). For practical
implementation of the ALARA objective, the airborne discharge authorisation incorporates a
system of conservative notification levels for stack discharges. Further explanation of notification
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levels is given in Hoffmann et al. (2001). The ALARA objective is 0.02 mSv/year, which is 2% of
the 1 mSv/year limit for annual effective dose to members of the public that is recommended by
ARPANSA (ARPANSA 2002a). 
Routine discharges of treated, low-level liquid effluent from the LHSTC and NMC are made to the
sewer under the terms of trade wastewater agreements negotiated with Sydney Water
Corporation (ANSTO and Sydney Water Corporation 2002, 2003), and discharges are
independently checked for compliance by Sydney Water Corporation and ARPANSA. Liquid
effluent discharges from the LHSTC are required to comply with (a) drinking water quality levels
for radioactivity at the Cronulla STP, and (b) concentration limits for non-radiological components
of the effluent. For compliance measurements of activity concentrations at the LHSTC discharge
point, an agreed dilution factor of 25 is assumed. This factor was previously determined by tracer
studies (Hoffmann et al. 1995, 1996), and is checked every year. 
Prior to each discharge, the LHSTC effluent is checked for compliance with the acceptance limits
for gross (or ‘unspecified’) alpha and beta activity, and tritium. The unspecified alpha- or beta-
emitting radionuclides are considered to be present as the most restrictive isotopes for each
decay type, ie radium-226 (alpha decay) and strontium-90 (beta decay). Compliance with the
requirements of the trade wastewater agreement is demonstrated by determining the
concentration quotient for the flow proportional pipeline composite samples which are taken
every four discharge days. This quotient is the sum of the concentration of gross alpha, gross
beta and tritium radioactivity divided by the permitted concentration for radium-226, strontium-90
and tritium respectively, and must not exceed one. Similarly, liquid effluent discharges from the
NMC are also subject to limits set for specific radionuclides stipulated in the trade wastewater
agreement with Sydney Water Corporation (ANSTO and Sydney Water Corporation, 2002). 
Stormwater from the LHSTC flows into small local streams that are classified as Class C surface
waters under regulations associated with the Protection of the Environment Operations Act 1997
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Australian Radiation Protection and
Nuclear Safety Act 1998 and
Regulations (1999)
Airborne Radioactive Discharge
Authorisation (ARPANSA 2001)
Trade Wastewater Agreement 
(No. 4423, 2003/2004; ANSTO and
Sydney Water Corporation 2003)
Trade Wastewater Agreement (No.
13966, 2001/2002; ANSTO and
Sydney Water Corporation 2002)
Protection of the Environment
Operations Act 1997 (NSW) 
Crown Lands Act 1989 (NSW)
Environment Protection and
Biodiversity Conservation Act 1999
National Biodiversity Strategy (1996)
Native Vegetation Act 2003 (NSW)
Rural Fires Act 1997 (NSW)
Organisation
ARPANSA
ARPANSA
Sydney Water 
Corporation
Sydney Water 
Corporation
NSW DEC (formerly
NSW EPA)
NSW Government
Commonwealth
Government
Commonwealth
Government
NSW Government
NSW Government
Summary
Licences and regulates the operation of Controlled Facilities and the
production, use and disposal of radioactive materials at all ANSTO sites;
specifies exemption levels.
Reports against facility licence conditions. Incorporates a multi-layer system
of radiological protection, designed to ensure that doses to the public are
kept as low as reasonably achievable (ALARA) for the LHSTC and NMC.
Authorisation to discharge treated liquid effluent from LHSTC to the sewer.
Authorisation to discharge treated liquid effluent from the NMC to the sewer.
The Clean Waters Regulations 1972 Provides radiological limits for Class C
stormwater/surface water drainage.
Environmental protection principles are observed in relation to the
management and administration of ANSTO sites.
Environmental assessment of projects having national importance (eg. RRR).
Integration of biodiversity conservation with natural resource management.
Conservation and management of native vegetation.
Bushfire hazard management.
Table A. Key legislative and regulatory requirements relevant to ANSTO facilities in relation to
environmental protection.
(NSW). The regulations set out relevant limits for gross alpha and beta radioactivity in these
waters. The Australian Drinking Water Guidelines (ADWG; NHMRC and ARMCANZ 2001) are
used to provide context for the presence of tritium and some other radionuclides in surface
waters and groundwater, although there are no legal or other requirements for ANSTO to meet
these levels and the guidelines themselves state that they are not applicable to environmental
releases of radionuclides under regulatory control. Following their endorsement in 1996, the
ADWG have been subject to an ongoing revision process that ensures the guidelines represent
the latest scientific evidence in relation to good quality drinking water. In 1996 the ADWG gave a
specific concentration guideline for tritium (7600 Bq/L) but in subsequent revisions a single
guideline dose (1 mSv/year) for annual exposure to radioactivity in drinking water has been given.
Dose estimation, based on the method given in the ADWG, indicates that a person drinking water
with a tritium concentration of 7600 Bq/L would receive an estimated dose of 0.1 mSv over a year
(ie a contribution from tritium of 10% of the current guideline level). In referring to the ADWG
guidelines for tritium, 7600 Bq/L is assumed to be an appropriate contextual level in this report. 
4. Assessment of Potential Exposure
4.1  BACKGROUND RADIATION
Background radiation is naturally present in our environment. The average natural background
effective dose-rate to the Australian public of ~1.5 mSv/year; (Webb et al. 1999) consists of ~0.9
mSv/year from external radiation sources (such as terrestrial and cosmic radiation) and ~0.6
mSv/year from internal radiation sources (such as potassium-40 and radon). Natural background
radiation varies from place to place on the earth (eg with rock type and altitude) and is affected
by lifestyle (eg choice of building materials, ventilation of homes, frequency of flying). The
radiation dose from natural background averaged worldwide is estimated at ~3.5 mSv/year, but
can be greater than 50 mSv/year (ARPANSA 2002b). 
In October 2002, ARPANSA conducted a baseline gamma survey of the natural radiation in the
suburbs within a 5km radius of the LHSTC (ARPANSA 2002b). The values measured ranged from
close to the Australian average to about half of that value. The results for the Lucas Heights area
reflect the predominance of sandstone, which has lower levels of uranium and thorium than most
other rock types and produces less background gamma radiation.
4.2 EXPOSURE PATHWAYS AND CRITICAL GROUPS
Nuclear facilities contribute radioactivity that is additional to the background radiation we all
experience and, consequently, such facilities are subject to very strict controls. In Australia, the
recommended maximum additional public dose is 1 mSv/year (ARPANSA 2002a). ANSTO has a
site dose constraint of 0.3 mSv/year (LHSTC) and a much lower ALARA objective of 0.02
mSv/year for dose to the public from airborne emissions from the LHSTC and NMC sites.
The concepts of exposure pathways (the possible avenues by which members of the public
could be exposed to radioactivity originating from a given source) and critical groups (people at
greatest potential risk of radiation exposure) are used internationally to derive discharge levels
for release of radioactivity into the environment, and form the basis for ARPANSA regulations. 
Potential exposure pathways by which radionuclides routinely discharged from ANSTO sites
could lead to radiation exposure of members of the public, are:
• airborne emissions causing external radiation doses from dispersing radioactive gases;
• rain-out or deposition of airborne radionuclides entering the food chain, leading to exposure
by drinking water or eating food;
• discharge of low levels of radioactivity through the Sydney Water Corporation sewage
treatment system and into the sea, leading to exposure of workers at the sewage treatment
plant, uptake by fish and accidental ingestion of seawater by swimmers; and
• contamination of groundwater or soil used for drinking or food production, leading to exposure
by ingestion/inhalation.
Impact assessments for any activity associated with a nuclear facility are estimated as radiation
doses to members of the public. A critical group is defined as a reasonably homogeneous group
10 ANSTO E-755
>
of members of the public typical of individuals who are likely to receive the highest radiation dose
via a given exposure pathway from a given source (IAEA 1996). The size of a critical group will
usually be up to a few tens of persons but may consist of a single hypothetical individual (ICRP
1984). In order to satisfy the homogeneity criterion, the ratio of the maximum to minimum dose
values should not exceed ten across the critical group. 
In 2002, ANSTO identified theoretical critical groups for assessing the potential impact of its
airborne and liquid effluent discharges from the LHSTC. Realistically assessed doses for the
critical group of people potentially exposed to routine liquid effluent releases were at most a
quarter of the dose estimated for the critical group potentially affected by routine airborne
releases (Hoffmann et al. 2003).
5. Sampling of Emissions and Environment
The ANSTO routine monitoring program for the 2003-04 financial year is summarised in Table B.
The table describes the media sampled, the range of analyses performed, and the location and
frequency of sampling. A total of approximately 6,300 samples were taken and some 11,100
analyses performed. Detailed descriptions of sampling and analytical methods are given in
Hoffmann et al. (2001).
5.1 AIR AND LIQUID EMISSIONS 
Airborne radionuclide emissions are monitored at 16 stacks at the LHSTC and one at the NMC.
Airborne emissions are passed through HEPA-filters to remove particles and charcoal filters to
remove vapour, prior to discharge through stacks. The stacks were sampled continuously by
drawing off a proportion of the airflow and accumulating weekly data for specific radionuclides
from either real-time measurement or after physico-chemical trapping over a week. Tritiated water
vapour was trapped from air bubbled through a series of water-filled bottles. Radio-iodine was
sampled using charcoal-filled ‘Maypack’ cartridges, also fitted with particle filters. Noble gases
were measured in-situ using a gamma detector and recording daily accumulations of counts.
Airflow through each stack was measured on a quarterly basis using a hot-wire anemometer.
Combined, these measurements enable reporting of total radionuclide releases from each stack. 
Proportional samples of all liquid effluent discharges were collected and analysed for gross alpha
and gross beta radioactivity, tritium, pH, biological oxygen demand, grease, suspended solids,
total dissolved solids, ammonia and zinc. A volume-weighted composite sample was also
produced from all pipeline samples each month and analysed for polonium-210 and gamma
radioactivity.
5.2 ENVIRONMENT
Environmental sampling is carried out primarily to determine where and in what quantities
radioactive emissions from the LHSTC are found in the local environment. ANSTO’s environmental
sampling strategy is based on our knowledge of potential radionuclide emission sources and the
environmental pathways that may result in a potential dose to the public. Samples of various
media, including surface waters and groundwater, air and soil, plus some biota, are collected at
locations in and around the LHSTC. These sample sites are shown in Figures 1 to 4. Sampling
locations include local creeks (eg Mill, Bardens and Forbes Creeks), the Woronora River, the
LFBG and Potter Point. Testing of environmental samples for radioactivity includes tritium analysis
of water samples, gross alpha and gross beta analysis of water and sediment samples, and
gamma spectrometric measurements of various media.
Water sampling formed the greater part of the environmental sampling program in the period from
July 2003 to June 2004. The stormwater bunds at the LHSTC (A, B and C in Figure 2) were
sampled on working days, prior to the bunds being emptied. These daily samples were
combined to give representative monthly samples of stormwater. Weekly samples were taken at
Bund C, on the MDP creek that drains ANSTO’s waste operations area, and at a natural pool
some 60 metres further downstream (Figure 2). Weekly samples were also collected at the
Bardens Creek weir, downstream of the stormwater Bund A. For some analyses, weekly samples
were combined into monthly composites. Monthly water samples were taken from the State
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Figure 1. Location of ANSTO sites (the Lucas Heights Science and Technology Centre and the
National Medical Cyclotron) and off-site monitoring points.
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Figure 2. Location of stormwater, air and external radiation monitoring points at the LHSTC.
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Figure 3. Location of groundwater monitoring piezometers at the LHSTC.
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Figure 4. Little Forest Burial Ground – schematic showing the waste trenches, groundwater flow paths and
piezometers currently monitored.
Pollution Control Commission (SPCC) sampling points (named for having been selected by the
then SPCC in 1975; see Figure 2) at Bardens Creek weir, Strassman Creek and MDP Creek.
These sites lie on the drainage lines leaving the LHSTC but are within ANSTO’s 1.6 km buffer
zone. Sampling also occurs in the local area beyond the buffer zone, with monthly samples of
estuarine water collected from Forbes Creek and the Woronora River. Water and sediment
samples were collected annually from near the junction of Mill and Bardens Creek, which drain
the LFBG.
Groundwater monitoring at the LHSTC was first reported for 28 piezometers in Hoffmann et al.
(2003). The LHSTC groundwater monitoring network now has 27 Type 1 piezometers
(characterised as either shallow or deep) and three Type 2 (open) piezometers, following some
changes that were necessary to accommodate RRR construction activities. This network has
been designed to monitor specific facilities and to sample representative groundwater flows
within and adjacent to the LHSTC (Figure 3). Groundwater from the nested (shallow and deep)
Type 1 piezometers was purged and sampled approximately every three months in 2003-04.
Piezometer MW11-2 replaces MW11, which became unusable due to a misaligned casing.
Groundwater was sampled at the LFBG every six months.
Levels of gamma radiation over the burial area at the LFBG are surveyed annually to monitor
surface soil dose-rates. The Main Discharge Pipeline (Figure 2) is surveyed annually for dose-
rates along the accessible sections in order to detect any leaks. 
Airborne particles were collected at the LFBG using a high-volume sampler approximately every
two weeks for the species of interest: plutonium-239/240 and beryllium. Ambient air is sampled
continuously using Maypacks and particle filters at four locations on the LHSTC boundary fence.
5.3 METEOROLOGY
In common with similar organisations operating nuclear facilities, ANSTO undertakes a program
of meteorological measurements. The prime reason for such a program is to allow estimates to
be made of the downwind concentration of any airborne pollutants, particularly radionuclides,
released from the LHSTC through routine operations or under accident conditions.
The on-site meteorological tower and associated laboratory are shown in Figure 2. Two off-site
meteorological stations are also used to measure the influence of the local terrain on wind flow,
dispersion patterns and temperatures. These stations (Figure 1) are located at the Boys’ Town
School (Engadine) and at the ‘Shackels Estate’ in the Woronora River valley. The meteorology
program includes measurements of wind speed, direction and variability, as well as precipitation,
evaporation, temperature, pressure and humidity. These data are collected and analysed
continuously, and are displayed on ANSTO's web site in addition to being reported to the
Australian Bureau of Meteorology. The long-term climatology data for the LHSTC from 1991 to
2003 was recently published (Clark 2003). 
6. Environmental Monitoring (July 2003-June 2004)
Monitoring data in this report cover the financial year from July 2003 to June 2004 and are
presented in Tables 2 to 39. Measurement uncertainties given in these tables are at the two-
sigma level (ie twice the standard deviation), unless otherwise noted. For some environmental
samples, analytical results were not significantly different from background levels and are
reported as being below the Minimum Detectable Activity (MDA), calculated with 95%
confidence. 
The MDA can differ between sample types and radionuclides. Indicative median MDAs for
various radionuclides and environmental media are given in Table 1 (see Data Tables section
below). In general, data are summarised as median ± interquartile range (IQR), where the IQR is
the 75th minus the 25th percentile of the data, a similar concept to a standard deviation relative
to the mean. 
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6.1 AIRBORNE EMISSIONS
Table 2 lists the airborne activity discharges for the 2003-04 financial year from the single stack
at the NMC and 16 stacks at the LHSTC. The table shows the total amount of radioactivity
discharged and the discharges expressed as a percentage of the relevant annual notification
levels. The ‘all other nuclides’ column includes all radionuclides for which there is no specific
notification level. Notification levels act as conservative triggers for follow-up investigation and are
more fully explained in Hoffmann et al. 2001. Airborne monitoring of the stack for building 20B,
the new waste treatment and packaging facility, commenced in June 2004. Stack 21B, which
ventilated a single laboratory, was withdrawn from service in December 2003 following the
cessation of all work with radioactive materials in the laboratory.
Emissions of airborne iodine-123 from the NMC reached 47.8% of the annual notification level, very
similar to the levels of the past two financial years. All other nuclides reached only 6.9% of annual
notification levels, continuing a downward trend over the past three financial years.
All gross alpha and gross beta radioactivity, associated with airborne particles sampled from
LHSTC stacks, was less than 5% of annual notification levels. The airborne discharge of argon-
41 from stacks 15A and 15M (HIFAR) remained below notification levels in the 2003-04 financial
year, reaching 61.0% and 56.9% of their respective notification levels. The airborne discharge of
tritium from 15A, which accounts for most of the airborne tritium emission at the LHSTC, reached
28.1% of the annual notification level, similar to the previous financial year and reflecting
consistently low emissions. Iodine-131 emissions from stack 23A (ARI) reached only 17.0% of the
annual notification level. Discharge of iodine-131 from stack 54 (ARI) increased over the previous
year, reaching 74.6% of the annual notification level, primarily as a result of a single second
quarter peak. The annual emission of iodine-131 remained within normal operational
expectations. Noble gas emissions from stack 54 also increased in 2003-04, in association with
the radioiodine peak mentioned above. Airborne emissions of xenon-133 reached 146.6% of the
annual notification level, and the CEO of ARPANSA was notified. The underlying cause of the
increased emissions from stack 54 was investigated and found to be related to the irradiation of
uranium targets for the production of the molybdenum-99 used to manufacture the Gentech®
generator which is used in over 70% of Australian nuclear medicine procedures. Temporary
suspension of molybdenum production and exchange of a charcoal filter unit were among the
initial precautionary responses by ANSTO.
6.2 LIQUID EFFLUENT
6.2.1 Lucas Heights Science and Technology Centre
The LHSTC effluent is routinely screened for tritium, gross alpha and gross beta activity as well
as non-radiological water-quality parameters. Monthly, volume-weighted composite samples of all
discharges are analysed for polonium-210 (a volatile alpha-emitter) and gamma-emitters,
including caesium-137, caesium-134, cerium-144, chromium-51, cobalt-60, iodine-131, lead-210,
radium-226 and radium-228. 
The total volume discharged in the 2003-04 year was 73,972 m3. Table 3 shows the average
monthly activities of gross alpha, gross beta and tritium radioactivity in liquid effluent prior to
discharge. The alpha values are all less than the minimum detectable activity, the median of
which was 100 Bq/m3, hence the combined quotients in the last column are also shown as less-
than values. The combined monthly activity quotients for alpha, beta and tritium activity ranged
from < 0.03 to < 0.16, with a median value of < 0.07, ie less than 7% of the allowed quotient of
one. Figure 5 charts the monthly quotients for alpha, beta and tritium activities in liquid effluent
discharges for the period July 2003 to June 2004.
The activities of gamma-emitting radionuclides in the monthly pipeline composite samples are
given in Table 4. Of the radionuclides listed, only caesium-137 was detected in more than 50%
of samples, ranging from less than the minimum detectable activity (0.21 Bq/L) to 6.06 Bq/L, with
a median of 2.84 ± 1.88 Bq/L. Iodine-131, cobalt-60 and radium-226 were each detected in only
33% of monthly composite samples. The activity of cobalt-60 ranged from less than the minimum
detectable activity (0.13 Bq/L) to 0.58 Bq/L. Alpha-spectrometry results for polonium-210 in the
monthly composite samples were all < 0.01 Bq/L in 2003-04.
The results for non-radioactive parameters of the liquid effluent (suspended solids, pH, ammonia,
biological oxygen demand, grease, zinc and total dissolved solids) are shown in Table 5, along
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with the relevant standards for acceptance to the Sydney Water Corporation sewer. The range of
values is reported, along with the mean and median. Of the samples analysed, 95% must be less
than or equal to the relevant standards for acceptance. For 2003-04, all median values were
within acceptable bounds, although the range of pH indicates that occasional samples fell
outside the standards.
Levels of radioactivity and non-radioactive components of all liquid effluent discharges to the
sewer from July 2003 to June 2004 met the standards for acceptance specified in the trade
wastewater agreement with Sydney Water Corporation.
6.2.2 National Medical Cyclotron
The average levels of radionuclides discharged to sewer each month from the NMC are shown
in Table 6, along with calculated mean and median values. The average monthly discharge
volume was 6 m3, with a pH of 7.6. The discharges contained very low levels of activity, with
median concentrations all less than 3% of the NSW DEC monthly limits for thallium-201, thallium-
202, gallium-67, cobalt-57, zinc-65 and iodine-123. The highest monthly average concentrations
of these isotopes were, respectively, around 9%, 32%, 3%, 2%, 2% and 13% of the levels
specified in the trade wastewater agreement. Liquid effluent discharges from the NMC were
therefore well within the required limits in the period from July 2003 to June 2004. 
6.2.3 Effluent Dilution – LHSTC to the Cronulla STP 
The Cronulla Sewage Treatment Plant (STP) receives sewage and wastewaters from the
Sutherland Shire, including treated effluent from the LHSTC. ANSTO is required to comply with
the Sydney Water Corporation trade wastewater agreement, which nominates a minimum value
of 25 for the in-line dilution factor between the ANSTO discharge tanks and the Cronulla STP. The
dilution factor is confirmed for at least two ANSTO effluent releases each year by direct
measurement of tritium levels in the plant. The Cronulla STP was upgraded to provide tertiary
treatment from July 2001. This upgrade has significantly increased the residence time of effluent
within the plant. Under normal flow conditions, this causes an increase in the final effluent stream
dilution and a reduction in the peak tritium concentration in the tertiary treated effluent.
To study the changes in residence time resulting from the STP upgrade, a seven day study was
undertaken from 29 March to 5 April 2004, encompassing four separate effluent releases (Table
7). Samples were collected using automatic water samplers at three locations through the plant:
(a) the inlet channel to the primary sedimentation tanks; (b) at the interstage following the primary
sedimentation tanks and (c) after the tertiary filters prior to the final UV treatment. A total of 263
effluent samples were analysed for tritium.
The maximum tritium activities observed at the inlet, interstage and final effluent streams of the
Cronulla STP during the study were 1302 Bq/L, 840 Bq/L and 194 Bq/L respectively. Prior to the
tertiary upgrade, the interstage represented the final effluent stream leaving the Cronulla STP. The
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Figure 5. Monthly quotients for alpha, beta and tritium radioactivity in liquid effluent, LHSTC, July
2003 to June 2004.
minimum in-line dilution ratio at the interstage for the four releases was 42:1 (Table 7), which is
somewhat above the median of ratios reported since 1994 (33:1) but well within previous
experience. It would now be more appropriate to calculate dilutions at the new final effluent
stream. However, the long residence time in the tertiary treatment stage between the interstage
and the final effluent sampling locations resulted in an overlap in the tritium peaks from the four
releases. Therefore the final effluent stream dilution can only be roughly estimated to be in the
order of 200-300:1. 
The March to April 2004 study utilised liquid effluent with above-average tritium concentrations.
Despite this, the levels of tritium observed within the Cronulla STP during the study were
significantly less than those stipulated in the Sydney Water Corporation trade wastewater
agreement. This confirms that ANSTO fully complied with its obligations under the agreement.
During the study, the mean tritium value in the final effluent stream was 77 ± 1 Bq/L, very low
compared with the ADWG level of 7600 Bq/L. 
The increased dilution of ANSTO effluent resulting from the Cronulla STP tertiary upgrade means
that no distinct tritium peak occurs in the final effluent stream, and it is no longer possible to
calculate an accurate transit time. Consequently the past practice of timing off-shore sampling to
coincide with the tritium peak can no longer be achieved. 
6.3 AIR 
6.3.1 Ambient Iodine-131 in Air
Low concentrations of iodine-131 were detected in two of the weekly ambient air samples during
2003-04 (Table 8). The detection of these low levels in June 2004 is attributed to a combination
of factors, including the prevailing winds and winter weather conditions as well as a slight
increase in iodine-131 emissions. The remaining results were all below the minimum detectable
level of 0.0025 Bq/m3.
Results for ambient iodine-131 concentrations in air are conservative, since (a) any iodine-131
activity is corrected for decay from the first day of the sampling week, and (b) the four samples are
analysed simultaneously, so any iodine-131 activity is assumed to have originated on one filter. 
6.3.2 Little Forest Burial Ground – Airborne Particulates
Quarterly samples of airborne particles were collected at the LFBG on windy days (to maximise
particulate collection) using a mobile high-volume air sampler. The total volume of air sampled
during the year was 7464 m3. 
The exposed filters were analysed for beryllium via ICPMS and plutonium-239/240 by alpha
spectrometry, and these results are given in Table 9. The mass of beryllium (measured in µg total
on the filter portion) was converted to a concentration using the equivalent sampling volume. A
trace of beryllium was reported (0.04 µg total or 6.8 x 10-5 µg/m3). This very low value was below
the median detection limit of 0.06 µg. The measured amount is well below the exposure standard
for atmospheric contaminants such as beryllium in air of 2 µg/m3 (Worksafe Australia: NOHSC
1995) applicable to workers exposed 8 hours per day, 50 weeks per year). No plutonium-239/240
was detected within the reporting period. 
6.3.3 External Gamma Radiation
Thermoluminescent dosimeters (TLDs) were used to measure external gamma radiation
(including the contribution from natural background radioactivity) at various locations around the
LHSTC (Figure 2), at three private residences in the nearby suburbs of Barden Ridge, Engadine
and Woronora and at the Cronulla STP. The data are given in Table 10. In 2002, dosimeters 3 and
5 were moved to their current locations due to the construction of the RRR. TLD number 17 was
relocated from Engadine to Yarrawarrah in January 2004.
The TLDs at sites 2 and 3 on the southern sector of the LHSTC perimeter fence (see Figure 2)
are affected by nearby stored radioactive material. This part of the site boundary is not readily
accessed by the general public. The effective dose-rates from external gamma radiation for other
locations at LHSTC were in the ranges 0.93 to 1.50 mSv/year for 2002-03 and 0.82 to 1.41
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Figure 6. Average monthly mass of fine aerosol particles (less than 2.5 µm in diameter)
collected over 24-hour periods at the LHSTC, January to December 2003.
mSv/year for 2003-04. Measurements at the three local residences, which can be taken as
indicative of local background for the LHSTC, showed external gamma dose-rates ranging from
0.98 to 1.24 and from 0.88 to 1.13 mSv/year for the 2002-03 and 2003-04 financial years,
respectively, consistent with the background levels reported for Australian capital cities by the
United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR 2000). These
ranges significantly overlap the ranges reported for TLDs at the LHSTC and show that ambient
external radiation levels at the LHSTC are generally within the range of local background radiation.
Measurements of the external gamma dose-rates at the Cronulla STP were lower than at the
LHSTC and the three local residences. This is attributed to the lower terrestrial radioactivity
contribution as a consequence of the location of the TLD badge on a sewage holding tank
approximately 2 m above ground level and the shielding effects of the sewage. 
TLDs were also deployed outdoors at the NMC, and results for 2002-03 and 2003-04 are given
in Table 11. The median external dose-rates for 2002-03 and 2003-04 were 1.83 ± 0.13 mSv/year
and 1.66 ± 0.10 mSv/year, respectively. Whilst these values are higher than those at the LHSTC,
these TLDs are mounted on walls and are therefore exposed to the additional natural radioactivity
known to be present in brick or concrete (Kathren 1984). The LHSTC badges on the other hand,
are predominantly situated in the open, away from buildings. The dose-rates at the NMC, which
include background radiation, are very close to the average Australian natural background level. 
6.3.4 Aerosol Particles
ANSTO has been measuring and characterising fine aerosol particles at Lucas Heights for the
international Aerosol Sampling Program (ASP) for well over 10 years. The ASP is a study to
determine the elemental composition of fine suspended particulates. 
Fine aerosol particles with aerodynamic diameters less than 2.5 µm (referred to as PM 2.5) mainly
originate from combustion sources such as motor vehicle exhausts, fossil fuel burning and high
temperature industrial processes. ANSTO is not a significant source of such particulate emissions.
Natural sources include bushfires, airborne soil particles and sea spray. Figure 6 shows the
average monthly mass of PM 2.5 particles collected at the LHSTC in the 2003 calendar year.
Although an Australian standard has not been set, the measured levels of fine particles in the
calendar year 2003 were generally well within the requirements of the USEPA air quality standard
which specify an annual average of 15 µg/m3 (USEPA 2002). The peak values recorded in
January 2003 were due to smoke from significant bushfires across NSW impacting the site. A
more detailed analysis of the particulate composition demonstrated that most of the aerosol
particles measured at the LHSTC did not originate from ANSTO activities. The summary data can
be found on the ANSTO web-site (ANSTO 2004).
6.4 SURFACE WATERS
Surface waters include stormwater runoff as well as discharges of near-surface groundwater, with
the proportion depending on the weather in the preceding days. Concrete bunds (of about 6 m3
capacity) on the three main stormwater outlets at the LHSTC (A, B and C in Figure 2) temporarily
retain surface waters before their release off-site. These bunds are inspected and emptied each
week-day morning to facilitate on-site containment and treatment of any small accidental releases
of contaminated liquid. The bunds are also used as environmental monitoring points.
6.4.1 Tritium in Surface Waters
Tritiated water vapour released to air from HIFAR operations readily exchanges with rainwater and
other surface waters and is present in stormwater and groundwater at the LHSTC. Tritium was
detected in monthly composite water samples (work-daily samples combined) from Bunds A, B
and C (Table 12) at levels ranging from 20 to 610 Bq/L, with a median activity of 70 ± 70 Bq/L.
Weekly samples from Bund C, situated at the top of MDP Creek, were analysed for tritium and the
results are shown in Table 13. Tritium activity ranged from 10 to 450 Bq/L, with a median activity of
120 ± 90 Bq/L. Weekly samples were also collected from a natural pool on the same drainage line
but some sixty metres downstream of Bund C – this was the stormwater sampling point prior to the
construction of the bunds in 1994. The tritium levels in weekly samples from this site, MDP+60m,
(Table 14) ranged from 30 to 300 Bq/L, with a median of 80 ± 80 Bq/L. Similarly, weekly water
samples were collected from the Bardens Creek weir, downstream of Bund A on the north side of
New Illawarra Rd (Figure 2). The results are given in Table 15. The tritium activity in weekly samples
from Bardens Creek weir ranged from 10 to 350 Bq/L, with a median activity of 60 ± 40 Bq/L.
The range of tritium activities recorded in these water samples from July 2003 to June 2004 was
typical of recent years at the LHSTC. The maximum tritium activity in any of the samples from
stormwater bunds and nearby sampling points was less than 10% of the ADWG level of 7600
Bq/L (NHMRC and ARMCANZ 2001), given here for context only as this water is not collected and
supplied as potable water. The median tritium activities for surface waters at LHSTC are much
lower, in the range from 60 to 120 Bq/L, ie they are typically less than 2% of the ADWG levels.
6.4.2 Gross Alpha and Beta Radioactivity in Surface Waters
Stormwater from the LHSTC flows into three small streams (Bardens, Strassman and MDP Creeks;
Figure 2), that are classified as Class C waters under the regulations associated with the
Protection of the Environment Operations Act 1997 (NSW). As such, there are regulatory limits for
gross (total) alpha and gross beta radioactivity of these waters (1.1 and 11.1 Bq/L, respectively)
which apply at the SPCC compliance monitoring points. 
Gross alpha and gross beta data for monthly composite samples (combined weekly samples) at
Bund C are given in Table 16 from July 2003 to June 2004. The alpha activities ranged from 0.01
to 0.24 Bq/L, with a median of 0.03 ± 0.02 Bq/L. For gross beta, the range of activities was from
0.12 to 4.42 Bq/L and the median was 0.26 ± 0.20 Bq/L. Gross alpha and beta data for monthly
composite samples (combined weekly samples) downstream of the bund at MDP+60m are given
in Table 17. The gross alpha activities ranged from less than the minimum detectable activity to
0.06 Bq/L, with a median of 0.03 ± 0.02 Bq/L. For gross beta, the range of activities was from 0.11
to 0.70 Bq/L and the median 0.22 ± 0.19 Bq/L. All of the measured alpha and beta levels comply
with the regulatory limits for Class C surface waters. Although the regulatory limits were not
exceeded, the Bund C results showed an increase in beta activity for April, May and, to a lesser
extent, June. Analysis of the individual weekly water samples indicated that beta activity entered
Bund C during the week of 6 to 13 April. The much lower concentrations seen in concurrent water
samples taken 60 metres downstream indicate that the activity was essentially contained within
the on-site bund. This was confirmed by analysis of sediments within, and downstream of, the
bund. Once the anomaly was identified in mid-May, the Bund C sediments were removed and the
bund was cleaned, hence the June composite was less affected. Note that residual amounts of
particle-associated activity could persist in these areas for a time and may be included in the
unfiltered water samples. 
The results of gross alpha and gross beta analyses of monthly samples from Bardens Creek weir,
Strassman Creek and MDP Creek weir are given in Table 18. An extra set of samples was
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collected in response to the Bund C anomaly. Taking the three creeks together, gross alpha levels
ranged from less than the minimum detectable activity to 0.03 Bq/L, with a median value of 0.01±
0.01 Bq/L. Gross beta radioactivity ranged from 0.01 to 0.22 Bq/L, with a median of 0.04 ± 0.10
Bq/L. Water samples collected near the junction of Mill and Bardens Creeks, which drain the
LFBG, showed only natural background levels of gross alpha, gross beta, gamma and tritium
activity (Table 19).
Figures 7 and 8 chart the 2003-04 gross alpha and beta activities for the monthly water samples from
MDP Bund C, from downstream at MDP+60m and from the compliance monitoring point, MDP Creek
weir. The data show the decrease in beta activity in Bund C following the removal of contaminated
sediments, and that the anomaly had a minimal impact on the off-site monitoring points. 
All results for surface waters from July 2003 to June 2004 were below the limits for gross alpha
and gross beta activity in the relevant NSW regulations. In fact, 100% of alpha and 93.5% of beta
results were below the ADWG screening level of 0.5 Bq/L.
6.4.3 Gamma-emitting Radionuclides in Surface Waters
Gamma spectrometry results for monthly composite samples from Bund C are given in Table 16.
Results for July 2003 to March 2004 generally showed typical, low levels of caesium-137, ranging
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Figure 7. Gross alpha activity in monthly samples of surface waters from Bund C and
MDP+60m (composites of weekly samples) and MDP Creek weir, July 2003 to June 2004.
Figure 8. Gross beta activity in monthly samples of surface waters from Bund C and MDP+60m
(composites of weekly samples) and MDP Creek weir, July 2003 to June 2004.
from less than the minimum detectable activity to 0.028 Bq/L, with a yearly median of 0.020 ±
0.069 Bq/L. Other gamma-emitters detected included potassium-40 and beryllium-7, both of
natural origin. Beryllium-7 is a cosmic spallation product that undergoes dry and/or wet
deposition processes. Consequently, it is often found in pooled surface waters. Similarly, isotopes
from the LHSTC airborne discharges may occasionally be found, as was the case for iodine-131,
which was measured twice in Bund C during the year. Results for April, May and June 2004
reflected the anomaly reported in section 6.4.2, with enhanced levels of caesium-137 plus
cerium-144, cobalt-60, cobalt-57, ruthenium-103, ruthenium-106, zirconium-95 and niobium-95. 
In monthly composite samples from the natural pool located approximately sixty metres
downstream of Bund C (MDP+60 m, Table 17) caesium-137 was detected with a median activity
of 0.013 ± 0.019 Bq/L. Similarly low levels of caesium-137 have been reported in previous years.
Low levels of naturally occurring potassium-40 and beryllium-7 were occasionally detected.
Whilst ruthenium-103 and ruthenium-106 were detected in the April composite sample, no
extraneous activity was found in the following two months. 
6.5 ESTUARINE AND SEA WATERS 
Monthly samples of brackish/estuarine waters were collected from Forbes Creek (a tributary of
the Woronora River) and the Woronora River and analysed for tritium. However, as in previous
years, no significant activity was detected (all were < 10 Bq/L, apart from one value of 20 ±10
Bq/L). The results are presented in Table 20. 
Seawater samples were collected in the vicinity of the Potter Point ocean outfall on two occasions;
April 1 and June 22, 2004 (see Table 7). On each occasion, samples were collected at three
locations at a depth of 1 metre below the surface. A total of 39 samples were collected, distilled
and analysed for tritium in ANSTO’s low-background facility. Of these, 31 samples were below the
minimum detectable activity of 5 Bq/L. The first sampling occasion was timed to coincide with the
Cronulla STP effluent study; during the off-shore sampling period the average tritium
concentration in the final effluent stream was 44 Bq/L corresponding to a minimum off-shore
dilution ratio of 11:1. These data indicate the further dilution that occurs between the Cronulla STP
and the near-shore area at Potter Point.
6.6 GROUNDWATER
6.6.1 Lucas Heights Science and Technology Centre
The subsurface structure that conditions groundwater flow at the LHSTC can be conceptualised
as three layers, comprising a near-surface soil and regolith layer, typically less than two metres
deep, underlain by a weathered sandstone layer extending to approximately ten metres, with
unweathered sandstone beneath that. Seismic, geophysical and hydrographic data show an
imperfect multi-layer groundwater flow regime exhibiting a decrease in flow rate through each
layer due to decreasing hydraulic conductivities with depth. Groundwater flow at the LHSTC is
primarily dependent on topographic features. More than half of the area within the LHSTC fence
is covered by grass or sparse native vegetation and it is the soil beneath this unpaved area that
can absorb rainfall. Following heavy rain, water seeps from the soil into the heads of the gullies
surrounding the LHSTC via a shallow groundwater path, with flow from the plateau to the gully
typically peaking a few days after the rainfall event. Discharge also occurs through a deeper
groundwater path, over a much longer time scale and further down the gullies. The potentiometric
surface for this deeper sandstone aquifer is shown in Figure 9.
Groundwater seepage from the general vicinity of the intermediate-level waste storage facility
(Building 27) is routinely collected. The samples were measured each month for gamma-emitting
isotopes (americium-241, caesium-137, cobalt-60 and potassium-40) and tritium (Table 21). The
sample collection for April was delayed until 12 May, in response to access problems. The sump
was used for operational purposes from late May, hence further sampling was suspended.
Gamma-emitting isotopes were not detected, and tritium activities were stable and well below
ADWG levels, with a median of 480 ± 60 Bq/L. 
The quarterly data for field parameters in groundwater and annual measurement of major ions are
presented in Tables 22-26. Groundwater quality at the LHSTC is typical of a sandstone aquifer,
tending to be acidic and with generally low salinity (indicated by electrical conductivity, EC). In
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Figure 9. Potentiometric surface for the deeper sandstone aquifer, LHSTC, February 2000.
Groundwater flow directions (arrows) and flow velocity (m/year) are also marked.
2003-04, pH measurements ranged from 3.6 to 8.2, with a median of 4.9 ± 0.9, and EC ranged
between 138 and 1028 µS/cm with a median of 298 ± 126 µS/cm. The Eh, which indicates
oxidation-reduction potential, was generally positive with a median of 220 ± 140 mV as would be
expected of oxygenated waters. Some piezometers were found to have low or negative Eh, which
is often associated with low oxygen concentrations. The generally turbid conditions reported for
most piezometers probably relate to stirring of sediment during sampling (Tables 22 to 25). The
LHSTC groundwaters are predominantly sodium-chloride-sulfate type waters, consistent with a
primary influence from marine aerosol input (Table 26). Groundwater samples were collected at
the LHSTC in August 2003, filtered and analysed for alpha, beta, tritium and gamma radioactivity,
and the data are given in Table 27. Gross alpha activity ranged from 0.01 to 0.22 Bq/L, with a
median of 0.05 ± 0.05 Bq/L. Gross beta activities were similar, ranging from 0.01 to 0.20 Bq/L,
with a median of 0.05 ± 0.06 Bq/L. The gross alpha and gross beta activities in the groundwater
were below the levels prescribed for Class C surface waters in New South Wales, but note that
this comparison is indicative only because these are groundwaters. Gamma-emitting
radionuclides, specifically americium-241, caesium-137 and cobalt-60, were not detected in
2003-04.
Tritium activity in the LHSTC groundwater (Table 27) ranged from 2.1 to 124.2 Bq/L, with a
median of 12.6 ± 33.7 Bq/L (analysed by ANSTO’s low-background tritium facility for enhanced
sensitivity). The maximum activity measured in groundwater in 2003-04 was less than 2% of the
ADWG (NHMRC and ARMCANZ 2001). Shallower piezometers generally displayed higher
tritium levels than the deeper ones.
6.6.2 Rain and Evaporation Data 
Rain and evaporation data for the LHSTC from 1994 to 2004 are summarised in Table 28. These
data are used in the interpretation of groundwater hydrology for the LHSTC site. Monthly total
rainfall (R Total; mm), the number of days on which rain fell (R Days), monthly potential
evaporation (E Total; mm) and the maximum daily evaporation (E max; mm) are given. 
6.6.3 Little Forest Burial Ground 
Little Forest is located in a groundwater recharge area, so that rain water moves down-gradient
from the site along pathways of least resistance. For the LFBG, these pathways include surface
water runoff, groundwater flow via the zone of aeration and saturation in the Ashfield Shale layer,
and infiltration into the underlying Hawkesbury Sandstone. As indicated by tritium measurements,
the groundwater flows away from a South-West to North-East groundwater divide running through
the central position of the burial trenches. Figure 4 illustrates this divide and the likely
groundwater flow paths.
Data from six-monthly sampling of groundwater field parameters are reported in Tables 29 and
30. In 2003-04, the groundwater pH ranged from 4.1 to 6.8, with a median of 5.6 ± 0.7, and EC
ranged between 194 and 7697 µS/cm, with a median of 845 ± 1653 µS/cm. The LFBG tends
towards slightly less acid groundwater than the LHSTC, with variable but generally higher salinity.
This chemistry is a probably a natural consequence of the LFBG’s position on the outcropping
Ashfield shale. Measured Eh was generally positive, with a median of 170 ± 190, but some
piezometers displayed low or negative Eh often associated with low oxygen concentrations. As
for the LHSTC, stirring of sediment during sampling probably explains the generally turbid
conditions reported for LFBG groundwater samples.
Routine six-monthly groundwater level monitoring and sampling from the LFBG piezometer
network (Figure 4) is also undertaken to measure tritium, gross alpha and gross beta radioactivity
and gamma-emitting radionuclides. Results of this monitoring are shown in Tables 31 to 32.
Tritium activities in groundwater from the LFBG were below levels considered safe for drinking
water in Australia in 2003-04. A maximum tritium concentration of 7290 Bq/L was recorded from
piezometer BH10, north of the burial trenches. Gross alpha and gross beta activities in LFBG
groundwater were below the levels prescribed for Class C surface waters in New South Wales.
Gamma spectrometry of the unfiltered LFBG groundwater samples showed low levels of natural
potassium-40. Cobalt-60 was found in samples from piezometer MB16, which lies between the
main burial trenches, at levels similar to those reported in recent years. Americium-241 and
caesium-137 were not detected in LFBG groundwater in 2003-04.
6.7 SOIL AND SEDIMENT
6.7.1 Bund Sediments
Sediments that accumulate in the stormwater bunds are removed at least once each year. These
sediments are analysed, prior to their removal, for gross alpha, gross beta and gamma
radioactivity (Table 33). The naturally-occurring gamma-emitters detected were potassium-40,
beryllium-7 and members of the uranium-238 and thorium-232 decay series. The samples were
also screened for fission and activation products which have occasionally been detected in
previous years. As reported in sections 6.4.2 and 6.4.3, elevated levels of beta-gamma activity
were measured in Bund C and this is reflected in the sediment, which contained cerium-144,
caesium-137, cobalt-60, ruthenium-103, ruthenium-106, zirconium-95, niobium-95 and a trace of
americium-241. All of the measured activity concentrations were far below exemption levels for
classification of radioactive materials (ARPANSA 2004). 
6.7.2 Sediment from Local Streams
Sediment was collected off-site near the confluence of Mill and Bardens Creeks, which
ultimately drain the LFBG area. Levels of gross alpha, gross beta and gamma radioactivity were
measured (Table 19) and showed only low levels of natural activity attributable to progeny of
the uranium-238 and thorium-232 decay series and potassium-40.
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6.7.3 Gamma Dose-Rate Survey – Little Forest Burial Ground
Dose-rates over all of the trenches (Figure 4) were measured in September 2003 using a hand-
held meter at near-ground level (Table 34). Recorded dose-rates ranged from 0.06 to 0.20
µSv/hour and are consistent with background readings taken at the LFBG gate, approximately
200 metres away from the trench area.
On 17 November 2003, in response to vandalism at the LFBG, three samples of soil were
collected from the trench area. The samples were analysed for gross alpha, gross beta and
gamma radioactivity. The average gross alpha and beta activities were 0.76 and 0.46 Bq/g,
respectively. The gamma results showed typical levels of natural background radioactivity. All of
the results indicate that there was no mobilisation of radioactivity as a result of this incident. The
potential radiological exposure to members of the public from the LFBG continues to be assessed
as negligible.
6.7.4 Gamma Dose-Rate Survey - Main Discharge Pipeline
The results of the MDP pipeline dose-rate surveys for July 2003 to June 2004 are summarised in
Table 35. The measured MDP dose-rates along the pipeline ranged from 0.05 to 0.14 µSv/hour,
and were within the range measured for natural background radiation. Minor, slow leaks from
joints 8 and 13 were reported and rectified on 18 September 2003. Soil samples were collected
near the joints and analysed for gamma-emitters. Normal environmental concentrations of
naturally-occurring potassium-40 and the uranium-238 and thorium-232 decay series were found,
in addition to traces of americium-241, caesium-137 and cobalt-60. There were no short-lived
radionuclides present, making it difficult to determine whether the low levels of activity found were
of recent origin. The maximum levels found in the soils were 1-2% of the exempt activity
concentrations for americium-241, caesium-137 and cobalt-60 (1,000; 10,000 and 10,000 Bq/kg
respectively) published by ARPANSA (2004). The occasional occurrence of such leaks is a
normal consequence of the natural expansion and contraction of the metal pipes with
temperature variations. The pipeline has since undergone extensive maintenance including
tightening of the joints, rust-proofing and painting. 
6.8 BIOTA (POTTER POINT)
Treated sewage effluent from the Sutherland Shire, including low-level effluent from the LHSTC,
passes through the Cronulla STP and is discharged at Potter Point (Figure 1, inset). Sampling of
fish, algae (seaweed) and barnacles continued at the Potter Point ocean outfall and a reference
site at The Royal National Park from July 2003 to June 2004, with authorisation from NSW
Fisheries. These organisms represent different levels in the food chain and are known to
concentrate a variety of elements, including radionuclides, from their environment. Blackfish, also
known as luderick (Girella sp.) were filleted and skinned, green algae (mainly Ulva sp. or
Enteromorpha sp.) and surf barnacles (Tesseropera rosea) were left whole and unwashed. All
samples were dried, ground and analysed for gamma-emitting radioisotopes (Tables 36-38). 
The radioactivity measured in marine fish, algae and barnacles sampled at Potter Point in 2003-04
was of natural origin, apart from the low levels of iodine-131 found in the algae. Iodine-131 is a
medical radioisotope used in the treatment of thyroid cancer. ANSTO’s liquid effluent is therefore
not the only source of iodine-131 in the Sutherland Shire sewerage system. Only naturally
occurring radionuclides were detected in samples collected from the reference site. 
6.9 A DECADE OF MONITORING
Monitoring data are usually collected with the aim of satisfying requirements for compliance and
reporting over periods of a year or less. The same data provide a measure of ongoing trends and
year to year variation. Examples of longer term data from ANSTO’s environmental monitoring are
set out below.
6.9.1 Airborne Dose 
The modelling of airborne dose to the public integrates data for airborne emissions with
meteorological measurements, within the concept of exposure pathways to critical groups. Thus,
a single performance index is generated for the principal source of potential radiation exposure
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to members of the public from routine ANSTO operations at the LHSTC. Figure 10 shows a
decade of data for the maximum annual airborne effective dose at the 1.6 km boundary of
ANSTO’s buffer zone.
The data show that the calculated airborne doses at 1.6 km have all been below the recently adopted
ALARA objective of 0.02 mSv/year, and typically less than half this value. The lowest effective doses
to the public from routine ANSTO operations have occurred in the last three years of the data.
6.9.2 Tritium in Liquid Effluent 
Figure 11 shows the average monthly concentration of tritium in ANSTO’s liquid effluent
discharges to the sewer from the LHSTC. 
The concentration of tritium in liquid effluent released to the sewer has been consistently less than
the limit specified by the present trade waste agreement, typically less than a quarter of this limit.
Peaks in 2000 and 2001 were associated with routine maintenance of primary coolant circuit
components carried out during scheduled reactor shutdowns. Periods of particularly low tritium
concentrations are evident for 1999 and 2002-03.
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Figure 11. Monthly average tritium concentrations in liquid effluent discharges from the LHSTC,
1993 to 2003.
Figure 10. Maximum annual effective dose from LHSTC airborne discharges at the 1.6 km
boundary of ANSTO’s buffer zone, 1993 to 2003.
6.9.3 Tritium in Groundwater at the LFBG
Figure 12 shows the concentration of tritium in water sampled from piezometer MB16 at the
LFBG. The downward trend for tritium in groundwater from MB16 probably reflects both
radioactive decay and dilution of whatever tritium-containing material was initially buried. MB16
is situated in the middle of the main burial trenches and has generally represented the maximum
tritium concentration for any of the piezometers sampled at the LFBG. In recent years, this
maximum tritium concentration has fallen below the ADWG level for tritium of 7600 Bq/L.
6.9.4 Tritium in Stormwater
The tritium concentration in a natural pool some sixty metres downstream of stormwater Bund C
has been measured for more than a decade (see Figure 13).
As stated previously, tritium is routinely detected in LHSTC stormwater, principally as a result of
rain-out of tritiated water vapour released to the atmosphere. Clearly, the concentrations detected
in the past decade have remained well below levels considered acceptable in human drinking
water in Australia. Peaks in the graph are most likely to be associated with rainfall but the interplay
between atmospheric tritium and tritium detected at MDP+60m will be conditioned, amongst
other things, by wind direction, rainfall intensity and recent rain history.
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Figure 12. Tritium in groundwater from LFBG piezometer MB16, 1993 to 2003, and the Australian
Drinking Water Guideline for tritium.
Figure 13. Tritium in surface waters from MDP+60m, LHSTC, 1993 to 2003.
7. Potential Doses to the Public and Environment
The principal sources of potential radiation exposure to members of the public from routine
ANSTO operations at the LHSTC and NMC are from airborne emissions and low-level liquid
effluent discharges. Meteorological and airborne emissions monitoring data provide the
necessary input to the atmospheric dispersion and dose-estimation model, PC-Cream, which is
used to compute the effective dose to hypothetical individuals due to the routine airborne release
of radionuclides. The conservative assumptions routinely used in the PC-Cream dose-modelling
are explained in Hoffmann and Loosz (2002).
Currently, there is no internationally agreed approach to assessing doses to non-human species
and no established guidelines against which to determine the risks of such doses. Following the
ICRP (1991), it is assumed here that demonstrating protection of humans from the potential
effects of ionising radiation also demonstrates adequate protection of the environment.
7.1 AIRBORNE DISCHARGES
The annual effective doses to hypothetical individuals potentially exposed to radiation in routine
airborne discharges from the LHSTC in 2003-04 were modelled, based on the LHSTC stack
discharge data and concurrent meteorological information (Table 39). For the purposes of this
report, the critical group of members of the public potentially affected by routine airborne
releases comprises hypothetical individuals living around the 1.6 km buffer zone boundary and
for whom the estimated effective doses are presented in Table 39 – people working at the LHSTC
are not considered here. The estimated effective doses to this critical group from routine airborne
emissions ranged from 0.0006 to 0.0038 mSv/year, with a median of 0.0017 ± 0.0017 mSv/year.
The maximum estimated effective dose for the critical group was 0.0038 mSv/year to the East-
Northeast, and was therefore less than 20% of the ALARA objective of 0.02 mSv/year and much
lower than the public dose limit of 1 mSv/year and the natural background in Australia of ~1.5
mSv/year (not including medical investigations; Webb et al. 1999). 
Figure 14 shows the public dose from LHSTC airborne emissions estimated for the critical group
of hypothetical individuals on a 1.6 km radius from HIFAR, relative to the ALARA objective, for
2003-04.
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Figure 14. Estimated effective dose to the public, at a 1.6 km radius from HIFAR (mSv/year), from
routine LHSTC airborne discharges, July 2003 to June 2004. 
>
Thermoluminescent dosimeters placed around LHSTC and at some local residences also
indicated that the external gamma radiation levels at residential locations in the vicinity of the
LHSTC were not noticeably affected by ANSTO’s operations. Airborne discharges from the NMC
were well below the relevant four-weekly, quarterly and annual notification levels, thereby
ensuring that the potential dose to humans is below the ALARA objective of 0.02 mSv/year.
7.2 LIQUID EFFLUENT DISCHARGES
The effective dose-rates to the critical group of members of the public potentially exposed to
radiation from routine liquid effluent discharges from the LHSTC were recently calculated to be
no more than a quarter of the minimum dose estimated for members of the public potentially
exposed to airborne emissions from the LHSTC (Hoffmann et al. 2003). 
Liquid effluent discharged to the Sydney sewerage system from the NMC ultimately enters the
sea off-shore via the deep ocean outfalls. The small amounts of short-lived radioactivity in the
effluent from the NMC and the high dilution in the sewage system means that any potential doses
are very small. Since the release is to the ocean, off-shore, there is unlikely to be any significant
environmental pathway to humans, such as through the consumption of seafood.
8. Conclusion
For the period from July 2003 to June 2004, the estimated potential doses to members of the public
from airborne discharges at the LHSTC are only a very small fraction of the radiation dose received
by everyone each year from naturally-occurring sources of radiation. The monitoring results from
Potter Point confirm that the potential radiation dose to members of the public as a result of
ANSTO's liquid effluent discharges to the sewer is also very low. The levels of tritium in
groundwater and stormwater at the LHSTC (including the LFBG) are less than Australian drinking
water guidelines. The airborne and liquid effluent emissions from the NMC, from July 2003 to June
2004, were below the ARPANSA-approved notification levels and NSW DEC limits, respectively. It
is concluded that ANSTO's operations at the LHSTC and the NMC make only a very small addition
to the natural background radiation dose, even for the comparatively few members of the public
identified as potentially exposed to radionuclides entering the environment from ANSTO sites.
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Appendix A – Corrections to the Previous Report
Corrections for the previous report Environmental and Effluent Monitoring at ANSTO Sites 2002-
2003 (ANSTO E-752) are listed below:
• Page 15, Figure 2: TLDs number 3 and 5 were moved inside the HIFAR security fence in 2002
due to the construction of the RRR. The correct locations are shown in Figure 2 of the current
report (ANSTO E-755).
• Page 21, Section 6.3.2: The total volume of air sampled for January 2002 to June 2003 was
10,468 m3, not 2617 m3.
• Page 23, Section 6.4, first paragraph: The capacity of the stormwater bunds is at least 6 m3,
not 2 m3.
• Page 35, References: In Hoffmann et al. (2001) the year, 2000‚ was omitted from the title.
• Page 59, Table 25: Standing water levels were given in centimetres rather than metres. The
data should be divided by 100 to obtain the correct values.
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